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(57) Abstract: The invention relates to a concept for placing a subcutaneous device such as a sensor at a selected site within the 
body of a patient, e.g. to obtain blood glucose readings. In a first aspect, an insertion needle comprises an oblong needle body 
and a distal end portion, the distal end portion having a pointed distal tip allowing the needle to be introduced subcutaneously and 
a distally facing generally smooth surface, the body comprising along a portion thereof a longitudinal groove adapted to at least 
partially accommodate the subcutaneous device. In a second aspect, a combination of an insertion needle and a subcutaneous device 
form an oblong body portion and a distal end portion formed by either of the members or in combination by the two members, the 
distal end portion having a pointed distal tip and a distally facing generally smooth surface. By the above configuration, a concept 
is provided reducing the severity of the body response following transcutaneous placement of a device as well as reducing the pain 
associated with the insertion. 
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Atraxoinat-ic insertion of a subcutaneous device 

The present invention relates generally to the insertion 
of subcutaneous devices . More specifically, the inven- 
5 tion relates to an insertion device for placing a subcu- 
taneous device at a selected site within the body of a 
patient, a needle- formed siibcutaneous device as well as 
combinations of such devices. Especially, the invention 
relates to insertion means for easy transcutaneous 
10 placement of a sensor of the type used, for example, to 
obtain blood glucose readings . 

BACKGROUND OF THE INVENTION 

15 In the treatment of patients it would often be desirable 
to monitor a given parameter indicating the actual state 
of the treatment, e.g. monitoring the concentration of a 
drug dispensed to the patient or a body substance influ- 
enced by the drug. A given monitor system for measuring 

20 the concentration of a given substance may be based on 
invasive or non- invasive measuring principles. An exam- 
ple of the latter would be a non- invasive glucose moni- 
tor arranged on the skin surface of a patient and using 
near-IR spectroscopy, however, the present invention is 

25 concerned with the introduction of a transcutaneous de- 
vice such as a sensor element. 

In recent years, a variety of electrochemical sensors 
have been developed for a range of applications, includ- 
30 ing medical applications for detecting and/or quantify- 
ing specific agents in a patient's blood. As one exam- 
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pie, glucose sensors have been developed for use in ob- 
taining an indication of blood glucose levels in a dia- 
betic patient. Such, readings can be especially useful in 
monitoring and/or adjusting a treatment regimen which 
5 typically includes regular administration of insulin to 
the patient. In this regard, blood glucose readings are 
particularly useful in conjunction with feedback con- 
trolled medication infusion devices, e.g. of the exter- 
nal type carried by the patient . 

10 

Glucose sensors (as well as the infusion devices) may. be 
fully implanted or may comprise a subcutaneous sensor 
communicating with a component carried externally by the 
patient. In either case, the body responds to the im- 

15 plant as an insult and produces a specialized biochemi- 
cal and cellular response which may lead to the develop- 
ment of a foreign body capsule around the implant and 
consequently may reduce the flux of glucose to the sen- 
sor. The percutaneous approach aims to acquire data dur- 

20 ing the first few days of this tissue response. 

The monitoring method can be of three types : non- 
reactive, reversibly reactive or irreversibly reactive. 
The type of sensor which, thus far, has been found to 

25 function most effectively in vivo is the amperometric 
sensor relying on irreversible, transport -dependent re- 
active glucose assays. For a detailed review of the dif- 
ferent types of glucose sensors reference is made to 
Adam Heller, Implanted electrochemical glucose sensors 

30 for the management of diabetes, Annu. Rev. Biomed. Eng. 
1999, 01:153-175. 
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The sensor may be placed subcutaneous ly being connected 
to external equipment by wiring or the sxobstance (fluid) 
to be analysed may be transported to an external sensor 
5 element, both arrangements requiring the placement of a 
subcutaneous component, the present invention addressing 
both arrangements. However, for simplicity the term 
"sensor" is used in the following for both types of sen- 
sor elements . 

10 

Turning to the sensor elements per se, relatively small 
and flexible electrochemical sensors have been developed 
for subcutaneous placement of sensor electrodes in di- 
rect contact with patient blood or other extra- cellular 

15 fluid (for example by MiniMed Inc., see US patent 
5,482,473), wherein such sensors can be used to obtain 
periodic or continuous readings over a period of time. 
In one form, flexible transcutaneous sensors are con- 
structed in accordance with thin film mask techniques 

20 wherein an elongated sensor includes thin film conduc- 
tive elements encased between flexible insulative layers 
of polyimide sheet or similar material. Such thin film 
sensors typically include exposed electrodes at a distal 
end for transcutaneous placement in direct contact with 

25 patient blood or other fluid, and exposed conductive 
contacts at an externally located proximal end for con- 
venient electrical connection with a suitable monitor 
device . 
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Insertion devices for this type of sensors are described 
in, among others, US patents 5,390,671, 5-, 391,950, 
5,568,806 and 5,954,643. 

5 More specifically, US patent 5,954,643 discloses an in- 
sertion set comprising a mounting base defining an up- 
wardly open channel for receiving and supporting a 
proximal end of a flexible thin film sensor, the sensor 
further including a distal segment with sensor elec- 

10 trodes thereon which protrudes from the mounting base 
for transcutaneous placement, wherein the sensor distal 
segment is slidably carried by a slotted insertion nee- 
dle fitted through the assembled base. Placement of the 
insertion set against the patient ' s skin causes the in- 

15 sertion needle to pierce the skin to carry the sensor 
electrodes to the desired subcutaneous site, after which 
the insertion needle can be slidably withdrawn from the 
insertion set. The mounting base further includes a fit- 
ting and related snap latch members for mated slide- fit 

20 releasable coupling of conductive contact pads on a 
proximal end of the sensor to a cable connector for 
transmitting sensor signals to a suitable monitoring de- 
vice. 

25 A similar arrangement is known from US patent 5,568,806 
disclosing an insertion set comprising an insertion nee- 
dle extending through a mounting base adapted for mount- 
ing onto the patient's skin. A flexible thin film sensor 
includes a proximal segment carried by the mounting base 

30 and adapted for electrical connection to a suitable 
monitor or the like, and a distal segment protruding 
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from the mounting base with sensor electrodes thereon 
for transcutaneous placement. The distal segment of the 
sensor and a distal segment of the insertion needle are 
positioned within a flexible cannula which extends from 
5 the mounting base, whereby placement of the mounting 
base onto the patient's skin causes the insertion needle 
to pierce the skin for transcutaneous placement of the 
cannula with the sensor therein. The insertion needle 
can then be withdrawn from the cannula and the mounting 
10 base to leave the sensor distal segment at the selected 
insertion position, with the sensor electrodes being ex- 
posed to patient blood or other extra cellular fluid via 
a window formed in the cannula. 

15 Although the above -described insertion sets provide re- 
liable means for introducing a needle formed sensor 
(i.e. having an oblong, needle- like appearance but not 
necessarily comprising a pointed distal tip) , a number 
of disadvantages still prevail. 

20 

As stated above, the percutaneous approach aims to ac- 
quire data during the first few days after insertion of 
the device, after which a new sensor is placed at a dif- 
ferent place. Although such a short period of time will 

25 remove the problems of long-term encapsulating reac- 
tions, a tissue response will immediately begin after 
insertion, the body trying to isolate the implanted ob- 
ject by tissue remodelling. This response may have a 
profound and varying effect on glucose transport, even 

30 over a short period of use, e.g. 3-4 days, this calling 
for recalibration of the implanted sensor. 
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Besides the technical aspects of recalibration, opinions 
differ about how often recalibration will be necessary 
to ensure reliable performance and what patients may be 
5 willing to accept. Based on current experience with sub- 
cutaneous sensors, it is believed that the needle- type 
sensors will have to be recalibrated to blood glucose 
values obtained from the traditional fingerstick method 
at least once a day and maybe more often. In addition, 
10 putting calibration in the hands of patients presents 
safety and quality issues . 

Although the available needle-type sensors are rela- 
tively small, they are still much larger than the infu- 
15 sion needles normally used when administering, for exam- 
ple, insulin. A further problem is therefore the pain 
and discomfort associated with the introduction of a 
needle sensor, for example when using the above- 
described prior art devices. 

20 

SUMMARY OF THE INVENTION 

Having regard to the above discussion of the prior art, 
an object of the present invention is to provide an im- 

25 proved concept for the transcutaneous placement of a 
sensor device, the concept reducing the severity of the 
body response thereby allowing for more accurate meas- 
urements and/or a reduced need for recalibration of the 
sensor during the period of use. A further object of the 

30 invention is to provide an insertion device, a subcuta- 
neous device or a combination thereof which reduces the 
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pain experienced during insertion of a siibcutaneous de- 
vice such as a sensor. The devices should be safe and 
reliable in use as well as easy to use, compact in size 
and inescpensive to manufacture • 

5 

The present invention is based on the realisation, that 
the body responses to two different types of "influ- 
ences": a response due to the "physical" action when the 
sensor is introduced {e,g. damaging tissue components) 

10 and left (e.g. compressing the neighbouring tissue) , and 
a response due to the "presence" of the sensor (e.g. the 
nature of the materials and surfaces introduced) . Al- 
though the latter indeed is of great importance, it is 
basically a materials problem which will not be ad- 

15 dressed further in this application. 

In contrast, the physically-based response directly re- 
sults form the introduction procedures and the specific 
design of the sensor and introduction means utilized. In 

20 accordance with the invention, a subcutaneous device is 
provided allowing for substantially atraumatic inser- 
tion, the subcutaneous device comprising no cutting 
edges but merely a pointed distal end allowing the de- 
vice to "gently" widening the tissue as the device is 

25 introduced. Ideally, such a procedure would cause as 
little tissue damage and pain as experienced when nee- 
dles are introduced during acupuncture. The subcutaneous 
device in accordance with the invention may be in the 
form of the subcutaneous device to be placed, an inser- 

30 tion device therefore, or a combination thereof. 
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In contrast, the insertion device known from US patent 
5,954,643 utilizes a modified, traditional -looking hol- 
low hypodermic needle, the only disclosed difference be- 
ing a distal longitudinal slot allowing the needle to be 
5 withdrawn from the sensor. As is well know, such a nee- 
dle comprises a pointed tip with knife- like edges ex- 
tending proximally therefrom, this arrangement allowing 
the needle to cut through tissue. 

10 In US patent 5,568,806 the insertion needle is arranged 
through a cannula, the needle being described as teantii- 
nating in a sharpened tip, i.e. also this prior art 
document teaches to use a cutting insertion device. Fur- 
ther, the distal end of the cannula tube is arranged 

15 substantially perpendicular to the general orientation 
of the cannula body, thereby producing a relatively 
sharp circumferential edge. In addition, using a can- 
nula- formed sensor results in a sensor having a rela- 
tively large outer diameter, this resulting in a more 

20 traumatic introduction (producing additional pain as 
well as body response) as well as an increased pressure 
on the surrounding tissue when the sensor is implanted 
(this again resulting in pain as well as invoking a 
stronger body response) . 

25 

Although a primary object of the present invention is to 
provide a less traumatic insertion of a subcutaneous 
sensor device, it readily appears that the principles 
providing a less painful insertion will have relevance 
30 for the introduction of any subcutaneous device. 
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Therefore, in a first aspect, an insertion needle for 
inserting a subcutaneous device is provided, the inser- 
tion needle comprising an oblong needle body and a dis- 
tal end portion, the distal end portion having a pointed 
5 distal tip allowing the needle to be introduced subcuta- 
neously and a distally facing generally smooth surface 
(i.e. comprising no cutting edge portions), the body 
comprising along a portion thereof a longitudinal recess 
adapted to at least partially accommodate the subcutane- 
10 ous device. Preferably the distal end portion is coni- 
cal. 

In a preferred embodiment the recess terminates in the 
vicinity of the distal end portion, the recess having a 

15 ramp formed distally, the ramp facing outwardly- 
proximally relative to the needle body, i.e. a sloping 
surface joining the "floor" of the recess and the outer 
surface of the needle. The recess may have a length cor- 
responding to at least 25%, preferably at least 50% of 

20 the length of the needle body or it may extend to the 
proximal end of the insertion needle. Advantageously the 
recess is in the form of a groove. 

In combination with a subcutaneous device, the suhcuta- 
25 neous portion thereof (i.e. the portion adapted to be 
arranged subcutaneous ly) may be fully embedded in the 
recess or groove, i.e. fully "hidden" behind the distal 
end portion when seen distally from, or the sensor de- 
vice may protrude out of the recess or groove in which 
30 case the protruding distal end of the sensor device 
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should be provided with a rounded smooth surface having 
no sharp edges . 

In a further embodiment the insertion needle is based on 
5 the configuration of a traditional hollow hypodermic 
needle, the normally knife- like edges extending proxi- 
mally from the pointed distal end being rounded. To 
avoid "piinching" of the tissue, the distal opening 
should be closed, either with additional means forming 
10 part of the insertion needle, or by the distal end of 
the sensor device, the two elements in combination form- 
ing a smooth distal surface. 

In a second aspect, a combination of two members, an in- 
15 sertion needle and a sxibcutaneous device, is provided, 
the combined members forming an oblong body portion and 
a distal end portion, the latter being formed either by 
the insertion needle, the siibcutaneous device or in com- 
bination by the two members, the distal end portion hav- 
20 ing a pointed distal tip and a distal ly facing generally 
smooth surface, i.e. comprising no cutting edge por- 
tions. It is to be noted that in the context of the pre- 
sent invention, the term "insertion needle" may also be 
used to denote an insertion device which does not neces- 
25 sarily comprise a pointed distal tip, but merely has a 
general "needle- like " appearance . 

Preferably the siibcutaneous device is more flexible than 
the insertion needle. In a preferred embodiment the two 
30 members are arranged side-by- side corresponding to at 
least a distal portion of the body, the members in com- 
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bination forming an outer surface of the body. Gripping 
means may be providecSl between the two members for se- 
curely holding the siibcutaneous device in place during 
insertion, yet allowing easy withdrawal of the insertion 
5 needle. In a further embodiment the two members are ar- 
ranged coaxially, the subcutaneous device being in the 
form of a cannula, the insertion needle forming a core 
member protruding distally therefrom. In preferred em- 
bodiments the sxibcutaneous device is a sensor device. 

10 

In a third aspect a siibcutaneous device is provided com- 
prising an oblong body portion and a distal end portion, 
the distal end portion having a pointed distal tip al- 
lowing the needle to be introduced subcutaneous ly and a 
15 distally facing generally smooth surface (i.e. compris- 
ing no cutting edge portions) , the device comprising at 
least one sensor element . 

In a further aspect, a transcutaneous sensor insertion 
20 set is provided, comprising a mounting base adapted for 
mounting onto a patient's skin, a flexible sensor device 
having a proximal end attached to the base and a distal 
portion protruding from said mounting base, an insertion 
needle extending from the mounting base and supporting 
25 the sensor distal portion for transcutaneous ly placing 
the sensor distal portion when said mounting base is 
placed against a patient's skin, said insertion needle 
being withdrawable from the sensor and the mounting 
base, wherein the insertion needle and the sensor device 
30 in combination forms an insertion body, the insertion 
body comprising a distal end portion having a pointed 
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distal tip and a distally facing generally smooth sur- 
face comprising no cutting edge portions ♦ 

The distally facing surface may be formed entirely by 
5 the insertion needle, the sensor device or as a combina- 
tion of the two members as described in detail above. 

At the proximal end portion of the insertion needle a 
gripping means is provided adapted for grasping and han- 

10 dling by a user. To properly orient the insertion body 
during insertion, the insertion set preferably comprises 
means for proper angular and/or rotational orientation 
of the insertion body relative to the mounting base dur- 
ing insertion. For example, the gripping means and the 

15 moionting base may be provided with releasable cooperat- 
ing means for fixing the insertion needle in at least 
one predefined angular and/or rotational orientation. 

In preferred embodiments, the distal portion of the sen- 
20 sor device is provided with at least one sensor element 
thereon for subcutaneous ly placing. By "sensor element" 
is meant any element or structure capable of being in- 
fluenced by a body substance or condition and producing 
a signal corresponding thereto, e.g. an electrode as de- 
25 scribed in the above citations. Preferably the sensor 
device is provided with contact pads in electrical com- 
munication with the sensor electrode (s) , the mounting 
base being adapted for connection with a cable connector 
for conducting the electrical signals to a processing 
30 unit . 
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It should be emphasized that the term "insertion set" in 
the context of the present application includes any de- 
vice configuration comprising the defined means; e-g. 
the mounting base may be formed integrally with an infu- 
5 sion device or components thereof, this providing an in- 
fusion device with an integrated sensor; 

In a further aspect, a method for inserting a subcutane- 
ous device is provided, comprising the steps of: provid- 

10 ing a combination of an insertion needle and a subcuta- 
neous device, the combined members forming an oblong 
body portion and a distal end portion formed by either 
the insertion needle, the subcutaneous device or in com- 
bination by the two members, the distal end portion hav- 

15 ing a pointed distal tip and a dis tally facing generally 
smooth surface comprising no cutting edge portions, in- 
troducing the combined members through a patient ' s skin 
to a desired subcutaneous placement site, withdrawing 
the insertion needle to thereby leave the subcutaneous 

20 device at the placement site. 

In a preferred embodiment of the method, a transcutane- 
ous sensor insertion set is provided, comprising a 
moxinting base adapted for mounting onto a patient ' s 

25 skin, the subcutaneous device being a flexible sensor 
device having a proximal end attached to the base and a 
distal portion protruding from said mounting base, the 
insertion needle extending from the mounting base form- 
ing the oblong body portion and the distal end portion, 

30 the insertion needle being withdrawable from the sensor 
and the mounting base, the method comprising the further 
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steps of placing the mo-anting base against the patient » s 
skin as the combined members are introduced- 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

In the following the invention will be further described 
with references to the drawings, wherein 

figs - lA shows a side view of an embodiment of the in- 
10 vent ion, 

fig. IB shows a longitudinal cross -section of the em- 
bodiment shown in fig. lA, 

15 fig. IC shows a transverse section along the line C-C in 
fig. lA, 

fig. ID shows a distal view of the embodiment shown in 
fig. lA, 

20 

fig. IE shows a distal view of an alternative embodi- 
ment, 

fig. 2A shows a side view of a further embodiment of the 
25 invention, 

fig. 2B shows a transverse section along the line B-B in 
fig. 2A, 

30 fig. 2C shows a distal view of the embodiment shown in 
fig. 2A, 
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fig. 3A shows a side view of a further embodiment of the 
invention/ 

5 fig- 3B shows a transverse section along the line B-B in 
fig. 3A, 

fig. 4A shows a side view of a further embodiment of the 
invention, 

10 

figs. 4B and 4C show transverse sections along lines B-B 
respectively C-C in fig. 4A, 

fig. 4D shows a transverse sectional view of a specific 
15 sensor device configuration, 

fig. 5A shows a side view of a further embodiment of the 
invention, 

20 figs. 5B and 5C show transverse sections along lines B-B 
respectively C-C in fig. 5A, 

fig. 6A shows a side view of a further embodiment of the 
invention, 

25 

fig. 6B shows a transverse section along the line B-B in 
fig. 6A, 

fig. 7 shows a side view of a further embodiment of the 
30 invention, 
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fig. 8A shows a longitudinal cross -section of a further 
embodiment , 

fig. 8B shows a longitudinal cross-section of a prior 
5 art insertion needle and cannula, 

fig. 9 shows a partial transverse section of an inser- 
tion set, and 

10 figs. lOA-lOE show situations of use for an embodiment 
o f the invent ion . 

It should be noticed that the figures are for illustrat- 
ing the principles of the invention only and are not 
15 necessarily drawn to scale. 

DESCRIPTION OF THE PREFERRED EMBODIMElsTTS 

It should be emphasized that in the following disclosure 
20 of the invention, features and details which are not 
considered necessary for understanding the principles of 
the present invention has been largely omitted, for ex- 
ample, the sensor device is shown merely schematically, 
the attachment to a mounting base or similar stiructure 
25 or the provision of sensor electrodes and electric con- 
tact means being omitted. 

Figs. lA-lE shows an embodiment of the invention in ac- 
cordance with a first aspect. More specifically an in- 
30 sertion needle 10 comprises an oblong needle body 11 
having a proximal portion 12 and a distal end portion 
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13, the distal end portion having a generally conical 
shape providing a pointed distal tip 14 and a distal ly 
facing smooth surface 15, thereby comprising no struc- 
tures which may serve to cut tissue when the insertion 
5 needle is introduced subcutaneous ly. As appears from 
fig, ID the conical end portion completely defines the 
distal surface, the needle body comprising no protruding 
portions or element. 

10 The needle body defines a general axis for the insertion 
needle, a longitudinal groove 20 being fortned in the 
needle body coaxially therewith. As appears from fig. 
lA, the groove terminates in the vicinity of the distal 
end portion (i.e. just proximally of the conical por- 

15 tion) , the groove having a ramp 21 formed dis tally (see 
fig. IB) , the ramp facing outwardly- proximally relative 
to the needle body. Between the groove and the outer 
surface of the needle body two opposed edges 22, 23 are 
formed which preferably are rounded (not shown in fig. 

20 IC) to avoid any cutting action when the insertion nee- 
dle is moved relative to the tissue. 

The groove is adapted to at least partially accommodate 
a sensor device of which a distal end may slide on the 
25 ramp thereby forcing the sensor device outwardly rela- 
tive to the insertion needle as will be described in 
greater detail below. 

In the shown embodiment the groove terminates short of 
30 the distal and proximal end portions, however, it may 
extend along the full length of the needle body just at 
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it may extend into the distal end portions, indeed, in 
which case the edge formed between the groove and the 
conical surface should be properly rounded to avoid any 
cutting action. 

5 

The shown insertion device has a general circular cross - 
section (not considering the groove) with a symmetrical 
"purely" conical end portion, however, the conical por- 
tion may be asymmetric, i.e. the pointed tip may be 
10 shifted towards a side, just as the cross-section may be 
non-circular, e.g. square with rotmded edges 16 as il- 
lustrated in fig. IE. Indeed, the insertion needle may 
have varying cross -sections along the length thereof. 

15 The insertion needle shown in figs. lA-lC may be used 
with a sensor device which is partly or fully accommo- 
dated in the groove, i.e. the sensor device may be pro- 
truding or non-protruding in a cross- sectional view. In 
case the sensor device is fully accommodated in the 

20 groove, it may fully or partly "fill" the groove. An ad- 
vantage with this arrangement is that the distal end of 
the sensor device is well protected against external 
forces during insertion, especially axial forces acting 
on the distally facing surface, which forces may act to 

25 displace or deform the sensor device. However, if deemed 
necessary, additional gripping means securing the sensor 
device during insertion may be provided as will be de- 
scribed in greater detail below. 

30 As shown in figs. 2A-2C, a combination of an insertion 
needle 10 as described above and a sensor device 30 is 
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provided, the sensor device being arranged in the groove 
20 and is partly accommodated therein. As appears from 
figs. 2A-2C the sensor protrudes from the "virtual" cir- 
cumference of the cylindrical needle body and thus be- 
5 yond the conical distal surface of the insertion body as 
seen in fig. 2C. However, in order to provide a smooth 
"combined" distal surface, i.e. made up of the distal 
surface of the introduction needle and the distally fac- 
ing surface 31 of the protruding portion of the sensor 

10 device as seen in fig. 2C, the latter is formed with a 
roxanded distal end 32. As described above, axial forces 
acting on a protruding distally facing surface 31 may 
act to displace or deform the sensor device. Correspond- 
ingly, the sensor device and the insertion needle may be 

15 provided with releasable cooperating gripping means se- 
curing the sensor device during insertion, yet allowing 
easy withdrawal of the insertion needle. 

With reference to figs. 1 and 2, aji insertion needle be- 
20 ing provided with a recess in the form of a groove was 
described, however, the recessed area may have any de- 
sirable configuration serving the object of "nesting" 
the subcutaneous device to be inserted. Figs. 3A and 3B 
show a combination of an insertion needle 40 and a sen- 
25 sor device 50, the needle comprising a recessed portion 
41 accommodating the sensor, each component having a 
semicircular cross -sectional configuration 42, 52 
thereby combining to form a circular body portion. As 
for the above -described embodiment, the recess termi- 
30 nates in a ramp 43, however, in contrast to above, the 
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distal end 53 of the sensor is adapted to fully engage 
the ramp surface. 

Next reference is made to figs. 4-8 disclosing combina- 
5 tions of an insertion needle (in the following also 
termed needle) and a sensor device, the combined device 
having a distal end portion with a pointed distal tip 
and a dis tally facing generally smooth surface compris- 
ing no cutting edges . 

10 

Fig. 4A shows the distal portions of a slotted insertion 
needle 60 and a therein-mounted sensor device 70, the 
slot extending from the distal end and fully or partly 
to a proximal end, thereby forming a longitudinally ex- 

15 tending groove 61. The slotted (part of the) needle has 
a part -circular cross sectional shape with an arcuate 
dimension or span greater than 180 degrees, e.g. a span 
of about 210 degrees which leaves a longitudinal slot in 
the needle with an arcuate dimension of about 150 de- 

20 grees, which cooperates with the part-circular shape of 
the sensor device to define a substantially full-circle 
geometry for facilitated insertion through the patient's 
skin, see fig. 4B. More specifically, the sensor device 
comprises a core 71 and two lateral flanges 72, 13, the 

25 core being gripped by the insertion needle and are 
thereby slidingly accommodated therein. The needle and 
sensor device are thus mechanically interlocked to pre- 
vent lateral dislocation of the latter from the inser- 
tion needle, while permitting longitudinal sliding mo- 

30 tion of the needle over the sensor device. 
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The distal or free ends of the needle and the sensor de- 
vice are set at an oblique angle to thereby form a com- 
mon, smooth distal surface 74 providing a pointed distal 
end 64, the edges between the distal surface and the 
5 general circumference being properly rounded to prevent 
any cutting action when introduced subcutaneous ly, the 
rounded portion providing a needle distal surface 65. 
The shown rounding of the edges in the vicinity of the 
pointed end ensures that the pointed end is formed by 
10 the needle, the needle preferably being made form medi- 
cal grade stainless steel, which allows the sensor to be 
formed from a relatively soft polymer less suitable for 
forming the pointed end. 

15 In the shown embodiment the needle edge is rounded with 
a radius of curvature corresponding approximately to the 
wall thickness of the needle, which may be 0,2 mm for a 
needle having an outer diameter of 0,7 mm, however, a 
non- cutting radius of curvature may be less than 0,1 mm 

20 or even less than 0,02 mm. 

As appears, the sensor devices depicted in the different 
figures are shown "in solid" as they merely serve to il- 
lustrate the outer physical configuration thereof. With 

25 reference to fig. 4D an example of a sensor arrangement 
mounted in an insertion needle 260 is shown, the sensor 
device being in the form of a cannula 270 comprising 
first and second lumen portions 271, 272, the first pro- 
viding structural strength and having a part circular 

30 cross section to be fitted within the insertion needle, 
the second being adapted for receiving, protecting and 
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guidably supporting a portion of the sensor element 275 
per se, A window 276 is formed in the second lumen near 
the distal end thereof, in general alignment with the 
sensor electrodes 277 of the sensor element, to permit 
5 direct electrode exposure to patient body fluid when the 
sensor is trans cutaneous ly placed. The cannula may be 
constructed from any suitable medical grade plastic or 
elastomer, such as polytetraf luoroethylene or silicone. 

10 Fig. 5A shows the distal portions of a slotted insertion 
needle 80 and a therein-mounted sensor device 90. The 
slotted needle has a part-circular cross sectional shape 
with an arcuate dimension greater than 180 degrees which 
cooperates with the part -circular shape of the sensor 

15 device to provide a grip between the two members, see 
fig. 5C, this essentially corresponding to the configu- 
ration of the above -described embodiment (fig. 4B) . How- 
ever, in contrast to the previous embodiment, the needle 
is mainly solid, the solid portion 81 having a semi- 

20 circular configuration with flange members 82 providing 
the gripping means . The two members form in combination 
a distal end portion having a pointed distal tip 83 and 
a distally facing smooth conical surface formed in com- 
bination by the distal surfaces 84, 94 of the two mem- 

25 bers. As was also the case above, the pointed end is 
provided by the needle, which necessitates the "solid" 
configuration of the needle. Indeed, in case the pointed 
tip is shifted away from the groove, a needle with a 
less solid cross -sectional configuration could be used. 

30 In case the tip was shifted entirely downwardly (in the 
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figures) , an overall configuration resembling the em- 
bodiment of fig, 4A would result. 

With reference to figs. 1-5, embodiments in which the 
5 pointed distal tip have been provided by a needle are 
described, however, by using a suitable (polymer) mate- 
rial for the sensor device, the pointed distal tip may 
be formed integrally therewith, this allowing for a sim- 
pler configuration of the needle (which then correctly 
10 may be denoted merely an insertion device) - or the in- 
sertion device may be entirely dispensed with. 

Correspondingly, fig. 6A shows the distal ends of a 
slotted insertion device 100 and a there in -mounted sen- 

15 sor device 110, the slot extending from the distal end 
and fully or partly to a proximal end, thereby forming a 
longitudinally extending groove 101. The slotted (part 
of the) insertion device has a part-circular cross sec- 
tional shape with an arcuate dimension or span greater 

20 than 180 degrees, e.g. a span of about 210 degrees which 
leaves a longitudinal slot in the insertion device with 
an arcuate dimension of about 15 0 degrees, which cooper- 
ates with the part -circular shape of the sensor device 
to define a sxibstantially full -circle geometry for fa- 

25 cilitated insertion through the patient's skin, see fig. 
6B. More specifically, the sensor device comprises a 
core 111 and two lateral flanges 118, 119, the core be- 
ing gripped by the insertion device and slidingly accom- 
modated therein. The insertion device and sensor device 

30 are thus mechanically interlocked to prevent lateral 
dislocation of the latter from the insertion device. 
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while permitting longitudinal sliding motion of the nee- 
dle over the sensor device. 

The distal end portion 112 having a pointed distal tip 
5 113 and a distally facing smooth conical surface is 
formed entirely by the distal surface 114 of the sensor 
device 110, the insertion device solely serving as a 
support member providing a desired amount of stiffness. 

10 In an even simpler embodiment of the present invention, 
the introduction device is fully dispensed with. More 
specifically, fig. 7 shows a distal portion of a sensor 
comprising a distal body portion 121 and a distal end 
portion 122 having a pointed distal tip 123 and a dis~ 

15 tally facing smooth conical surface 124 formed entirely 
by the sensor device. The schematically shown sensor 
element 125 may represent a sensor element per se or a 
window covering such an element, this as described 
above . 

20 

Indeed, for a sensor device adapted to be introduced 
without a supporting insertion needle, a suitable bal- 
ance between a desirable high rigidity during insertion 
and a high degree of flexibility when carried siibcutane- 

25 ously by a patient should be found, however, by using 
appropriate additional insertion means, it would be pos- 
sible to insert even a relatively flexible sensor de- 
vice. More specifically, insertion devices are known 
into which subcutaneous devices can be mounted, the in- 

30 sertion device comprising a user-releasable means for 
"driving" the device subcutaneous ly, e.g. by releasing a 
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spring, this allowing a pointed but relatively flexible 
sensor device to be introduced. 

The sensor device shown in fig. 7 may also comprise an 
5 internal channel allowing a rigid support to be mounted 
therein during insertion. 

In the above, insertion needles and sensor devices have 
described which are adapted to be arranged in a side-by- 

10 side configuration. In contrast, fig. 8A shows the dis- 
tal ends of a solid insertion needle 13 0 mounted through 
a sensor device 14 0 formed as a cannula. The two members 
form in combination a distal end portion having a 
pointed distal tip 131 and a distally facing smooth 

15 conical surface formed in combination by the distal sur- 
faces 132, 142 of the two members. Fig. 8B shows an ex- 
ample of a prior art cannula 135 in combination with an 
"atraumatic" insertion needle 145. As appears, the two 
members do not form a common rounded surface and thus 

20 fail to provide for substantially atraumatic insertion. 

Next, with reference to fig. 9, a transcutaneous sensor 
insertion set 300 designed to place a sensor subcutane- 
ously or at another selected site within the body of a 

25 patient, in a manner minimizing patient discomfort and 
trauma will be described. The flexible electrochemical 
sensor device 310 having a distal (or subcutaneous) por- 
tion 311 and a proximal portion 312 may be constructed 
according to so-called thin film mask techniques to in- 

30 elude elongated thin film conductors embedded or encased 
between layers of a selected insulating material. The 
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sensor electrodes 315 at the distal end portion are ex- 
posed through one of the insulating layers for direct 
contact with a patient body fluid (e.g. blood), when the 
distal portion of the sensor device is trans cutaneous ly 
5 placed. By the term "flexible" in this context is meant 
that the sensor device along the length thereof is more 
flexible than the insertion needle. 

The sensor 310 is carried by a mounting base 320 adapted 
10 for placement onto the skin of a patient. The moimting 
base comprises a generally rectangular pad having an up- 
per surface 322 and an underside surface coated with a 
suitable pressure sensitive adhesive layer 321, with a 
peel -off paper strip (not shown) normally provided to 
15 cover and protect the adhesive layer, until the inser- 
tion set 3 00 is ready for use. The base further com- 
prises an opening 325 through which the sensor device is 
arranged, the distal portion 311 protruding from the un- 
derside surface, the proximal portion 312 being carried 
20 by the upper surface. The proximal portion terminates in 
suitable conductive contact means 316 adapted for elec- 
trical connection to suitable signal processing means 
(not shown) for monitoring patient condition in response 
to signals derived from the sensor electrodes. 

25 

The insertion needle 330 is adapted for reception 
through a needle port 331 formed in the upper base and 
further through the opening 325. As appears, the inser- 
tion needle is of the same general configuration as 
30 shown in fig. lA, having a conically formed distal end 
portion 132 with a pointed tip 333 and an open groove 
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334 which extends longitudinally from just proximally of 
the tip at the underside of the needle to a position at 
least within the opening, the groove comprising a ramp 
formed distal portion 336. For the shown needle configu- 
5 ration, the opening 325 and the port 331 are "over- 
sized" compared to the cross -section of the combined in- 
sertion needle and sensor distal portion, this allowing 
the wider distal portion of the insertion needle to be 
withdrawn. However, for other embodiments (e.g. corre- 

10 sponding to figs. 3-8) the needle may be received in 
slide- fit engagement through the opening and the port. 
Above the mounting base 320, the insertion needle may 
have a full round cross sectional shape, the rear end 
being anchored to an enlarged hub 335 adapted for easy 

15 grasping and handling between the thumb and index fin- 
ger. Preferably the hixb comprises guiding or locking 
means (not shown) for matingly engaging corresponding 
alignment or locking means on the moiinting base. 

20 In use, the insertion set 3 00 allows for q[uick and easy 
transcutaneous placement of the sensor distal portion 
111 at a selected site within the body of a patient. 
More specifically, the peel-off strip is removed from 
the mounting base, at which time the moimting base 320 

25 can be pressed onto and seated upon the patient's skin. 
During this step, the insertion needle 13 0 pierces the 
patient's skin and carries the needle- formed distal por- 
tion to the appropriate transcutaneous placement site. 
During insertion, the needle provides a stable support 

30 and guide structure to carry the flexible sensor device 
to the desired insertion site. 
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When the sensor device is transcutaneously placed, with 
the mounting base seated upon the patient's skin, the 
insertion needle 33 0 can be slidably withdrawn from the 
5 patient. During this withdrawal step, the insertion nee- 
dle slides over the sensor device (to be described be- 
low) leaving the distal portion of the sensor with elec- 
trodes 115 thereon at the selected insertion site. These 
electrodes are directly exposed to patient body fluid 

10 (for example via a window as shown in fig. 4D) . The sen- 
sor proximal portion is appropriately coupled to proc- 
essing means (not shown) , so that the sensor can then be 
used over a given period of time for taking blood chem- 
istry readings, such as blood glucose readings in a dia- 

15 betic patient. If desired, the distal portion may com- 
prise a lumen (as shown in fig. 4D) available to deliver 
medication and/or sensor calibration fluid to the vicin- 
ity of the electrodes, or alternately to withdraw pa- 
tient fluid such as blood for analysis. 

20 

In case the configuration of the insertion needle and 
the sensor device correspond to the embodiments shown in 
figs. 3-8 the needle can be withdrawn from the sensor 
device without moving the latter, however, for the 

25 embodiments shown in figs. 1, 2 and 9, the sensor device 
150 will be forced laterally out of the groove 161 as 
the needle 160 is withdrawn, this as illustrated in 
figs. 10A~10E. In a first step the combined device is 
introduced subcutaneous ly (figs. lOA and lOB) . Next the 

30 sensor is held in place by the user (e.g. by the mount- 
ing base attached to the skin) and the needle is with- 
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drawn (e.g. by gripping the hub) , whereby the distal 
ramp- formed portion 162 of the groove will force the 
sensor device laterally (figs. IOC and lOD) allowing the 
distal end portion of the needle to slide along the sen- 
5 sor. When the needle has been retracted, the tissue will 
close around the sensor corresponding to the channel 
formed by the needle during insertion (fig. lOE) . 

In the above description of the preferred embodiments, 
10 the different structures have been described to a degree 
to which the concept of the present invention will be 
apparent to the skilled reader. The detailed construc- 
tion and specification for the different components are 
considered the object of a normal design procedure per- 
16 formed by the skilled person along the lines set out in 
the present specification and the references cited. 

While the present invention has been described in con- 
nection with the preferred embodiments shown in the 
20 various figures, it is to be understood that other simi- 
lar embodiments may be used or modifications and addi- 
tions may be made to the described embodiment for per- 
forming the same function of the present invention with- 
out deviating there from. 

25 

Therefore, the present invention should not be limited 
to any single embodiment, but rather construed in accor- 
dance with the appended claims. 
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Claims : 

1. An insertion needle (10, 40, 60) for inserting 
a subcutaneous device (3 0, 50), comprising: 

5 - a needle body (11) , 

a distal end portion (13) , 

the distal end portion having a pointed distal 
tip (14, 44) and a dis tally facing generally smooth sur- 
face (15, 45), wherein 
10 - the needle body comprising along a portion 

thereof a longitudinal recess (20, 41) adapted to at 
least partially accommodate a subcutaneous device. 

2. An insertion needle as defined in claim 1, 
15 wherein the recess terminates in the vicinity of the 

distal end portion, the recess having a ramp (21, 43) 
formed distally, the ramp facing outwardly -proximal ly 
relative to the needle body. 

20 3 . An insertion needle as defined in claim 1 or 2 , 

wherein the recess is in the form of a groove (20) . 

4 . An insertion needle as defined in any of the 
previous claims, wherein the distal end portion (13) is 

25 conical . 

5. An insertion needle as defined in claim 1, the 
needle body being in the form of a hollow cannula (60) 
comprising an obliquely cut distal end portion forming a 

30 pointed distal tip (64) and edges (65) extending proxi- 
mally therefrom, the edges being rounded, and wherein 
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the insertion needle further comprises a slot extending 
longitudinally from the distal end portion and along one 
side thereof thereby forming the groove (61) . 

5 6. An insertion needle as defined in any of the 

previous claims, wherein the groove (20, 41) has a 
length corresponding to at least 25%, preferably to at 
least 50% of the length of the needle body, or it ex- 
tends to the proximal end of the insertion needle. 

10 

7 - An insertion needle as defined in any of the 

previous claims in combination with a subcutaneous de- 
vice (30) , the subcutaneous device comprising a distal 
end portion (32) with a rounded smooth distal surface 
15 (31) protruding outwardly relative to the distal end 
surface of the insertion needle. 

8 . An insertion needle as defined in any of the 
previous claims in combination with a subcutaneous de- 

20 vice comprising a distal subcutaneous portion, the dis- 
tal subcutaneous portion being fully embedded in the 
groove . 

9. A combination of an insertion needle (40, 60, 
25 80, 100, 130) and a subcutaneous device (50, 70, 90, 

110, 140) , the insertion needle and the subcutaneous de- 
vice forming an oblong body portion and a distal end 
portion, the body portion being formed in combination by 
the insertion needle and the subcutaneous device, the 
30 distal end portion being formed either by the insertion 
needle, the subcutaneous device or in combination by the 
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insertion needle and the subcutaneous device, the distal 
end portion having a pointed distal tip (64, 83, 113, 
131) and a distally facing generally smooth surface (65, 
74; 84, 94; 114; 132, 142). 

5 

10. A combination as defined in claim 9, wherein 
the insertion needle (40, 60, 80, 10 0) and the siibcuta- 
neous device (50, 70, 90, 110) are arranged side-by-side 
corresponding to at least a distal portion of the body 

10 portion, and in combination forming an outer surface of 
the body portion. 

11. A combination as defined in claim 10, wherein 
the distal end portion is conical. 

15 

12. A combination as defined in claim 10, wherein 
the distal end portion is obliquely cut thereby forming 
a pointed distal tip (64) and edges (65) extending 
proxiraally therefrom, the edges being rounded. 

20 

13. A combination as defined in any of claims 8-12, 
wherein gripping means (82) are provided between the in- 
sertion needle and the subcutaneous device for securely 
holding the subcutaneous device in place during inser- 

25 tion, yet allowing easy withdrawal of the insertion nee- 
dle. 

14. A combination as defined in claim 9, wherein 
the subcutaneous device is in the form of a cannula 

30 (140) , the insertion needle (130) forming a core member 
protruding distally therefrom. 
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15. A combination as defined in any of claims 8-14, 
wherein the subcutaneous device is a sensor device (250) 
comprising at least one sensor element (257) . 

5 

16. A sensor device comprising an oblong body por- 
tion (121) and a distal end portion (122) , the distal 
end portion having a pointed distal tip (123) and a dis- 
tally facing generally smooth surface (124) , the device 

10 comprising at least one sensor element (125) preferably 
arranged in the vicinity of the distal end portion. 

17. A transcutaneous sensor insertion set (300), 
comprising: 

15 - a mounting base (320) adapted for mounting onto 

a patient ■ s skin, 

a flexible sensor device (310) having a proxi- 
mal portion (312) carried by the base and a distal por- 
tion (311) protruding from the moimting base, the distal 

20 portion comprising at least one sensor element (315) , 

an insertion needle (330) extending from the 
mounting base and supporting the sensor distal portion 
for transcutaneous ly placing the sensor distal portion 
when the mounting base is placed against a patient ' s 

25 skin, 

wherein the insertion needle and the sensor 
distal portion in combination form an insertion body, 
the insertion body comprising a distal end portion (332) 
having a pointed distal tip (333) and a distally facing 
30 generally smooth surface, the distally facing surface 
being formed either by the insertion needle, the sensor 
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device or in combination by the insertion needle and the 
sensor device, 

the insertion needle being arranged for sliding 
withdrawal from the sensor device and the mounting base. 

5 

18. A transcutaneous sensor insertion set as de- 
fined in claim 17, wherein the insertion needle com- 
prises a longitudinally extending recess (334) along one 
side thereof, the distal portion of the sensor device 

10 being at least partially nested therein. 

19. A transcutaneous sensor insertion set as de- 
fined in claim 17, the insertion needle and the sensor 
distal portion being configured as the insertion needle 

15 and the siibcutaneous device defined as in any of claims 
7-14. 
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